Systolic blood pressure (SBP) and pulse pressure (PP) have been identified in western industrialized countries as major predictors of cardiovascular events in the elderly on the basis of measurements taken at a single visit. Considering the wide variability of blood pressure (BP) in older people, this study set out to assess the prognostic significance of measurements of SBP and PP taken over several months according to a monitoring scheme mimicking routine care. A total of 444 Italian general practitioners enrolled a cohort of 3858 unselected elderly outpatients and followed them up for 10 years. BP was recorded at recruitment, 1 week later and at quarterly visits during the first year. The average BP of these six visits was used to define the patient's BP status. During the 10-year follow-up, 1561 participants died, 709 from cardiovascular diseases. Proportional hazard regression analysis, adjusted for all main prognostic factors including antihypertensive treatment, showed that for each 10-mmHg increment in SBP and PP there were, respectively, 5 and 9% increases in risk for total mortality (TM) and 9 and 13% increases in risk for cardiovascular mortality (CVM) (all Po0.01). However, including both SBP and PP in the model, only PP showed an independent, significant relationship with TM and CVM. In conclusion, prognostic information based on repeated measurements of PP is stronger than that given by SBP and consequently should be recommended in the definition of cardiovascular risk in the elderly.
Introduction
In western industrialized countries, pulse pressure (PP) tends to rise progressively with age because there is a continuous increase in systolic blood pressure (SBP), whereas diastolic blood pressure (DBP) tends to remain constant or even decline after the fifth or sixth decade. 1 This increase in PP with age reflects a loss of elasticity in the aorta and major arterial conduits because of changes in the collagento-elastin ratio. 2 Initial observational data in the late 1980s and early 1990s suggested an adverse prognostic impact of PP, 3, 4 and ample data accrued during the last few years in different populations has now confirmed the association between a higher PP and an increased incidence of cardiovascular (CV) events. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In middle and older age, PP might be an even stronger predictor of CV disease risk than other blood pressure (BP) indexes, 6, [8] [9] [10] [11] [12] 14, 15, 20, 25 although these observations have not always been confirmed, some studies showing that SBP or SBP and DBP together have a greater predictive value than PP. [22] [23] [24] All the studies calculated PP on the basis of one or more BP measurements taken at a single clinical visit. Because of the variability of BP measurements, 26 however, PP defined this way may not be representative of the individual's usual level of PP. 6, 11 In a previous study in a population aged 65 years or older, we found that BP measurements taken over a long period, 1 year, were more predictive than a few measurements taken 1 week apart and that SBP was a strong, positive, continuous and independent indicator of total mortality (TM) and cardiovascular mortality (CVM) risk, while no association was observed with DBP. 27 The aim of this study was to assess the prognostic impact of repeated PP measurements over 12 months on TM and CVM risk and to compare them to repeated SBP measurements in a cohort of about 4000 unselected elderly outpatients enrolled by their general practitioners (GPs) and followed up for 10 years.
Methods

Study design
The Studio sulla Pressione Arteriosa nell'Anziano (SPAA -Study on blood pressure in the elderly) is an observational study on the prevalence and natural history of hypertension in the elderly. It started in 1983 with the participation of 444 GPs from the Italian National Health Service.
The organization and conduction of the study, the characteristics of the participating physicians, and the quality of the data have been reported in detail elsewhere. 28 All the physicians attended preliminary meetings during which they checked their sphygmomanometers and were trained in standard methods of BP measurement. [29] [30] [31] [32] Each GP agreed to enroll a random sample of 10 patients older than 64 years but with no upper age limit, who had attended the surgery for any reason: the first eligible patient was chosen each day until recruitment was completed. A list of all outpatients attending the surgery during the recruitment period was used to verify the accuracy of the admission process.
The initial assessment consisted of an examination at recruitment and another visit 1 week later. Body weight and height were measured at the first visit; information was obtained about the patients' physical activity and smoking and alcohol-drinking habits, and a medical and pharmacological history was taken.
BP and heart rate were recorded at both visits, first with the subject sitting, then after lying down for 5 min, then again after 30 s standing. One BP measurement was taken first on each arm, while the patient was sitting; subsequent measurements were taken on the arm that initially had the higher values. SBP and DBP were recorded at Korotkoff phases I and V (rounding the reading to the nearest even number).
Subjects were then seen at four further quarterly visits during the first year. Average BP in the supine position at all six visits was used to define the patient's BP status. PP was defined as SBP minus DBP.
In 1993, 10 years after the initial assessment, the vital status of the population was ascertained by contacting the GPs or, in a minority of cases, through census offices. On the basis of all the available documents (GP and hospital records, death certificates), the causes of death were coded blindly with respect to BP and other characteristics, according to the underlying cause (International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)) 33 by a single nosologist (CA). Cardiovascular deaths were those assigned ICD-9-CM codes 400 to 449. Vital status was obtained for 3784 (98.1%) of the 3858 subjects enrolled in the study: 74 (1.9% of the total population) were lost to follow-up and were excluded from the mortality analyses. During the 10-year follow-up, 1561 participants died (41.3% of the total population), 709 (45.4% of all deaths) from cardiovascular diseases. 27 Statistical methods SBP and PP were classified in three tertiles to ensure an equal number of patients in each BP class. Normality distribution of continuous variables was checked by graphic inspection and was met for BP but not for heart rate. Analysis of variance and the nonparametric Kruskal-Wallis test were used to evaluate, respectively, the differences in distribution of BP and heart rate among SBP and PP tertiles. The w 2 test was used to assess the differences of distribution of categorical variables among SBP and PP tertiles.
CV event rates for each SBP and PP tertile were calculated by dividing the number of subjects who had such events by the number of person-years of observation for subjects within a BP tertile. Survival in SBP and PP tertiles was established using the Kaplan-Meier product-limit method 34 and compared by the Mantel-Haenszel (log-rank) test. 35 For tertiles of SBP, we assessed the increase in TM and CVM from the first to the third tertile of PP, and for tertiles of PP from the first to the third tertile of SBP using the Cochran-Mantel-Haenszel test. 35 Multivariate analysis was performed using the Cox proportional hazard model 36 to assess the independent prognostic contribution of SBP and PP adjusted for the different distribution of cardiovascular risk factors, diseases, and antihypertensive drug treatment at baseline (listed in Table 1 ). SBP and PP were included in the models separately as tertiles and trend models were fitted to investigate whether the risk increased from one BP tertile to the next one up; SBP and PP were then included as continuous variables, calculating the relative risk (RR) and 95% confidence interval (CI) for 10-mmHg increments. These analyses were repeated including SBP and PP together in the model, to see whether the effect of PP on the study end points was independent of SBP. The SAS statistical package was used. 37 As suggested by Harrell et al, 38 the candidate prognostic factors included in the multivariate analyses were less than 10 times the events considered. The proportional hazards assumption in Cox regression was assessed using the graphic methods suggested by Hess. 39 The proportional Pulse pressure and mortality in the elderly C Alli et al hazard assumption was not met for SBP and PP for the whole follow-up period. Thus, the reported risk ratio for SBP and PP tertiles cannot be assumed to be constant over the 10-year period, but is an average over the decade. In further models, we excluded the first 2 years of follow-up in order to achieve proportional hazards.
The À2 log likelihood (L) criterion distributed like a w 2 statistic 40 was used to compare the models with SBP and/or PP and models with baseline and/or the mean of subsequent first-year measurements. With this procedure, increments of w 2 (1)df X3.84 indicate a better prediction of risk estimate.
Differences were considered statistically significant if P-values were less than 0.05.
Results
The baseline characteristics of the population according to tertiles of first-year mean SBP and PP are summarized in Table 1 . The mean age was 72.7 years (median 72, range 65-96 years). These tertiles were significantly associated with all cardiovascular risk factors and diseases considered, except for alcohol drinking, previous stroke and TIA and, only for PP, heart rate and angina pectoris. All the main prognostic predictors were positively associated with SBP and PP tertiles, except for smoking and previous myocardial infarction, which showed a negative association. Figure 1 shows the survival curves for TM over the 10 years, in relation to the baseline tertiles of SBP and PP. After an initial period when the lowest tertiles appear to be associated with slightly higher mortality, the strong predictive power of the highest tertiles becomes increasingly clear. The SBP and PP survival curves for CVM showed a similar pattern (log-rank test Po0.0001).
Dividing each SBP tertile into tertiles of PP, TM significantly increased from the first to the third (Po0.001), whereas on dividing each PP tertile into tertiles of SBP no significant association was found (P ¼ 0.821) (Figure 2) . Similarly, a significant relationship with CVM was observed for PP in tertiles of SBP (Po0.001), but not for SBP in tertiles of PP (P ¼ 0.387).
Multivariate analysis
In the proportional hazard regression analysis adjusted for the baseline characteristics summarized in Table 1 , the third SBP tertile, compared to the first, was associated with an excess of TM and CVM (respectively 20%, P ¼ 0.01. and 35%, P ¼ 0.005, increases in risk), while the third PP tertile, compared to the first, had increases in risk of 28% (P ¼ 0.0003), and 46% (P ¼ 0.0003), respectively (Table 2) . However, including both the SBP and PP tertiles in the model, only PP showed an independent, significant association with TM and CVM. The findings remained unchanged after removing the first 2 years of follow-up, with the early slight excess of risk associated with baseline lower SBP and PP tertiles linked to the higher prevalence of the prognostically frailer part of the population in these subgroups.
We repeated the proportional hazard regression analysis including SBP and PP separately and together in the model not as tertiles but as continuous variables. PP increments still showed a stronger positive association than SBP (Table 3) . Pulse pressure and mortality in the elderly C Alli et al However, in the joint model, for each 10-mmHg increment in PP there was a 12% increase in risk both for TM (P ¼ 0.0008) and CVM (P ¼ 0.02); the increments of SBP had no significant association with either end point ( Table 3) . Addition of PP to the model led to a significant reduction in the À2 log L statistic compared to the model with only SBP, whereas the addition of SBP did not significantly reduce it compared to the model with only PP (Table 3) . Results were similar when the analyses were restricted to the follow-up after 2 years. Figure 3 documents the increasing prognostic strength of BP values with repeated measures taken during 1 year. BP measurements at the first visit already showed a significant prognostic association with TM and CVM, but the relative risk associated with 10-mmHg increases of both SBP and PP increased progressively using the mean of two, three, four, five and six measurements over the whole year. The addition to the models with baseline SBP or PP values of the mean of all subsequent first-year measurements significantly improved their prediction of the risk estimate both for TM (À2 log L from 24292.3 to 24286.6, Po0.05, for SBP, and from 24284.9 to 24278.0, Po0.01 for PP) and CVM (À2 log L from 10936.0 to 10929.4, Po0.05, for SBP, and from 10929.2 to 10924.8, Po0.05 for PP). PP was always more strongly associated than SBP with TM and CVM.
Subgroup analyses
The association of PP with TM and CVM was also stronger than SBP in the multivariate analysis for subjects of both sexes, younger and older than 75 years, with and without cardiovascular diseases or Pulse pressure and mortality in the elderly C Alli et al antihypertensive treatment at baseline, and in normotensives as well as in hypertensives (Figure 4 ).
Discussion
The SPAA set out to mimic in a cohort study the routine pattern of care where repeated BP measurements form the basis for diagnostic and therapeutic decisions. These measurements taken over several months allow a prospective comparison of the utility of the blood pressure components shown so far to be prognostically significant in the elderly. According to a meta-analysis of individual data collected from 61 prospective observational studies, a single PP measurement was less informative than a single SBP and DBP measurement for predicting vascular mortality not only in middle age but also in the elderly. 41 In contrast, in several recent studies PP appeared to be the strongest predictor of CV diseases compared to the other indexes of BP in older people, [8] [9] [10] [11] 14, 15, 19, 20, 25 although with a few exceptions. 22, 23 A meta-analysis of the control groups of seven clinical trials also emphasized the importance of PP as a predictor of mortality in older hypertensive patients. 42 Compared to our previous study in which we showed that SBP but not DBP was associated with a higher mortality risk in the elderly, 27 this new analysis indicates that PP is an even better predictor of mortality than SBP. To our knowledge, this is the first study that uses as PP values the mean of repeated BP measurements taken over 1 year in general practice. This seems a pragmatic method which, although it does not completely remove the regression dilution bias, 43 at least does lessen its effects through a simple, understandable approach, applicable in everyday clinical practice.
Our definition of PP is more representative of the usual PP than that used in previous studies, which calculated the PP for each subject on the basis of one or more BP measurements taken at a single visit. Only one other study evaluated the relationship of Model stratified according to all the baseline characteristics listed in Table 1 . Figure 3 Predictive value in multivariate analysis for total (top) and cardiovascular (bottom) mortality of 10-mmHg increases of SBP (white circles) and PP (black circles) at first visit (baseline visit) and as the mean of measurements during the first two (0-1 week), three (0-3 months), four (0-6 months), five (0-9 months) and six (0-12 months) follow-up visits. The circles indicate RR associated with 10-mmHg increases in SBP and PP and the vertical lines indicate 95% CI. Models were adjusted according to the baseline characteristics listed in Table 1 .
Pulse pressure and mortality in the elderly C Alli et al PP values obtained at several visits with cardiovascular events. 44 However, its results cannot be applied to the general population because only patients with isolated systolic hypertension were studied, or to the usual clinical setting because data were obtained in a randomized clinical trial and a random-zero manometer was used. Since sitting BP values are used more than supine BP both in clinical trials and in everyday clinical practice, we repeated the analyses using sitting measurements: the better association with mortality of PP than SBP was confirmed (data not shown).
In our study, PP was a better prognostic predictor than SBP in both sexes, in old and very old subjects, with and without cardiovascular diseases, with and without antihypertensive treatment at baseline. Unlike some authors, 10, 45 but like some others, 46 we did not find a significant association between PP and mortality in elderly normotensive individuals, although the wide confidence intervals did not exclude the possibility of a PP effect on cardiovascular risk in these subjects too.
In our population not only people with the lowest SBP -as already observed in elderly populations and attributable to frailty and comorbidity in people near death [47] [48] [49] [50] -but also those with the lowest PP had slightly higher mortality in the first few years of follow-up (Figure 1) . However, analysis after exclusion of the first period of follow-up confirmed the greater predictive value of PP than SBP.
A possible explanation of the stronger relationship between PP and cardiovascular end points than SBP could be the fact that a high PP, like high SBP, is associated with increased stiffness of the large arteries and therefore increased afterload, left ventricular mass and oxygen demand, but a high PP is also associated with lower coronary perfusion because of lower DBP. 2 The finding that PP adds more prognostic information than SBP about cardiovascular risk in the older age groups may have considerable clinical implications, because current hypertension guidelines classifying cardiovascular risk due to BP only take into account SBP and DBP. 51 PP might be a useful additional factor in elderly people for cardiovascular risk assessment and for therapeutic decisions in order to avoid, for example, underestimating cardiovascular risk in the elderly with only moderately increased SBP but low DBP. In this study, a tendency to increased mortality was already found in the second PP tertile, but the risk increased more clearly in the third tertile, over 75 mmHg.
The prognostic power of PP progressively increased with repeated measurements over 1 year, although it was already predictive at the first visit ( Figure 3 ). This is particularly important since several authors 5, 6, 11, 16, 18, 21, 22 have recognized the limitations of PP analyses based on a single BP measurement, which cannot be representative of the usual PP levels. To overcome this problem more sophisticated BP measurement methods have been used, such as 24-h noninvasive 6 or even intraarterial 11 ambulatory BP monitoring, but these are hardly applicable in everyday practice.
Since our data show that BP measured in the office over 1 year gave double the predictive value of measurements at a single visit, this study should prompt GPs to use the mean BP collected over several months, often already available in patients' records, as a more reliable predictor of cardiovascular events in the elderly. Figure 4 10-year total and cardiovascular mortality according to first-year mean SBP and PP increases in the total population and main subgroups (multivariate analysis). RR associated with 10-mmHg increases in SBP and PP. The horizontal lines indicate 95% CI. Models were stratified according to the baseline characteristics listed in Table 1 .
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In conclusion, the results suggest that:
in the elderly, PP gives stronger prognostic information than SBP and, consequently, better characterizes the individual cardiovascular risk profile; repeated PP measurements taken at several visits over 1 year are twice as predictive of TM and CVM than those at a single visit; in the elderly high PP could be considered an additional cardiovascular risk factor with obvious therapeutic and, consequently, public health implications.
